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THREE-DIMENSIONAL MEMORY DEVICE
INCORPORATING SEGMENTED BIT LINE
MEMORY ARRAY

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application 1s related to co-pending U.S. application
Ser. No. 10/403,844 by Roy E. Scheuerlein, et al, entitled
“Word Line Arrangement Having Multi-Layer Word Line
Segments for Three-Dimensional Memory Array”, filed on
even date herewith, which application 1s hereby incorpo-
rated by reference in its entirety.

This application 1s related to co-pending U.S. application
Ser. No. 10/403,488 by Roy E. Scheuerlein, et al, entitled
“Apparatus and Method for Disturb-Free Programming of
Passive Element Memory Cells”, filed on even date here-
with, which application i1s hereby incorporated by reference
in its entirety.

FIELD OF THE INVENTION

The present invention relates to semiconductor integrated
circuits containing memory arrays, and 1n preferred embodi-
ments the mvention particularly relates to monolithic three-
dimensional memory arrays.

BACKGROUND

Recent developments in semiconductor processing tech-
nologies and memory cell technologies have continued to
increase the density achieved 1n ntegrated circuit memory
arrays. For example, certain passive element memory cell
arrays may be fabricated having word lines approaching the
mimmum feature size (F) and minimum feature spacing for
the particular word line interconnect layer, and also having
bit lines approaching the minimum feature width and mini-
mum feature spacing for the particular bit line interconnect
layer. Moreover, three-dimensional memory arrays having
more than one plane or level of memory cells have been
fabricated implementing such so-called 4F* memory cells on
cach memory plane. Exemplary three-dimensional memory
arrays are described 1in U.S. Pat. No. 6,034,882 to Johnson,
entitled “Vertically Stacked Field Programmable Nonvola-
tile Memory and Method of Fabrication,” and i U.S. Pat.
No. 5,835,396 to Zhang, entitled “Three-Dimensional Read-
Only Memory.”

A variety of other memory cell technologies and arrange-
ments are also known. For example, NAND flash and
NROM flash EEPROM memory arrays are known to
achieve relatively small memory cells. Other small flash
EEPROM cells are known which use hot electron program-
ming, such as NROM and tloating gate NOR flash memory
arrays. Such memory cells may also be desirable for a 3D
memory array, although they frequently use many masks to
produce a memory layer, and some use relatively high
programming currents. Yet other memory cell technologies
include Dynamic Random Access Memory (DRAM) type of
memory cells, and Ferro-electric (FeRAM) memory cells.

A three-dimensional (3D) memory array 1s most eflicient
when the number of cell on each bit line and word line 1s
large. This number of cells 1s frequently called the fan-out
(N) of the bit line and the word line. A large fan-out reduces
the number of vertical connections between the array lines
on cach memory layer and the circuitry below. These
vertical connections cannot lie beneath the individual
memory cells on each layer, and thus may add significantly
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2

to the chip area. But a large fan-out frequently has certain
clectrical disadvantages depending on the memory cell
technology being used. For example, the capacitance of
array lines and the resistance of array lines may increase by
the fan-out (N) factor, and leakage per cell may cause power
dissipation to increase by a factor of N°. Of particular
interest, a large fan-out EEPROM array causes interaction
between all the cells within a range defined by the fan-out of
the bit line and the fan-out of the word line. This interaction
1s detrimental for EEPROM arrays because 1t causes a
partial, but cumulative, disturb of some bits while reading or
writing other bits. It also defines the so-called erase block
s1ze, since all the cells 1n an 1nteracting group are erased at
the same time. The memory cells which are disturbed during
writing are those that are “half-selected” cells, which are
memory cells that are connected to either the currently
selected word line or the currently selected bit line, but not
both. Because the number of hali-selected cells increases
with increasing fan-out, and because the amount a cell 1s
disturbed 1s a cumulative eflect of a great number of cycles
(which varies with fan out proportional to N*), the data in
those cells could easily be destroyed 11 the array line fan-outs
were large. As a result, 3D memory arrays must make a
fan-out trade-ofl between electrical requirements and layout
elliciency that 1s particularly detrimental in 3D EEPROM
arrays.

Many two-dimensional (2D) memory arrays (1.e., having
only a single memory plane) segment the memory array
lines and connect the segments to longer lines. Examples
include Flash EEPROM devices, which segment the bit
lines, DRAMSs which segment the word line and sometimes
the bit line, and SRAMs which segment the word line. Such
devices have the segment switches on one layer (e.g., within
the silicon substrate), and have a different layer for memory
cells with segmented lines, and one layer of long lines (e.g.,
global lines). Despite such progress, memory arrays having
even greater density are desirable. In particular, a memory
array configuration more easily fashioned into a three-
dimensional memory array 1s highly desired.

BRIEF SUMMARY

In certain embodiments, the present invention provides a
three-dimensional (3D) high density memory array with
array lines that can be short in at least one direction, by
having multiple layers of segmented bit lines (e.g., sense
lines) with segment switch devices within the memory array
that connect the segments to global bit lines. The segment
switch devices reside on one or more layers of the integrated
circuit, preferably residing on each bit line layer. The global
bit lines reside preferably on one layer below the memory
array, but 1n some embodiments may reside on more than
one layer. In some embodiments, the bit line segments share
vertical connections to an associated global bit line. The
capacitance per unit length of the global bit line 1s lower than
that of the bit line segments because the global bit line does
not bear the capacitance of unselected bit line segments, and
thus the overall capacitance of the bit line during sensing 1s
reduced because only one of the many segmented bit lines
associated with a given column 1s coupled to the global bat
line.

The overall resistance of the combined bit line may also
be reduced because the global bit line may be implemented
having a larger pitch than the bit line segments, and also may
be implemented using a lower resistance material than the
usually much shorter segmented bit lines that may be
implemented using a material having a relatively high
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resistance per unit length. This invention also provides for a
3D memory array which reduces power consumption by
segmenting the memory array lines 1n at lease one direction
into small pieces, thereby partitioning the array into many
small array blocks, only one of which needs to be fully
active.

In some embodiments, the present invention provides a
three-dimensional electrically erasable read-only memory
(EEROM) array by means of an arrangement of multiple
layers of segmented bit lines with segment connection
switches on multiple layers and shared vertical connections
to a global bit line layer. Such memory arrays may be
realized with much less write-disturb effects for half selected
memory cells (1.e., those coupled to either the selected word
line or selected bit line segment, but not both), and may be
realized with a much smaller block of cells to be erased.

Other types of memory cells may be implemented 1nto
arrays 1n accordance with the present invention. For
example, passive element memory cell arrays (PEMA) may
be fashioned having bit line segments on more than one
layer of a three-dimensional memory array, each with a
segment selection device (or other suitable segment 1solation
device) connecting, when selected, the segment to an asso-
ciated global bit line. Such PEMA arrays may incorporate
write-once memory cells or write-many memory cells, and
may be fuse-type cells or anti-fuse type cells.

The 1nvention 1s particularly advantageous for memory
technologies that form a switch device as part of the memory
cell, such as a 3D EEPROM array. The segment selection
switch may be conveniently formed of the same type of
switch device as the memory cell, or alternatively may be a
similar type of device. A memory array using a cell switch
device for a segment switch device may frequently be
manufactured with less added process complexity than a
with cell type that does not have a switch device. Examples
include DRAM-type memory cells, FeRAM memory cells,
and SONOS type EEPROM memory cells. Consequently,
the mvention 1s suitable for both volatile and non-volatile
memory arrays.

There are many reasons for very high density memories to
limit the length of the memory array sense lines. In DRAM
arrays, 1t 1s desirable to limit the bit line capacitance. In
FeRAM arrays, 1t 1s desirable to limit the capacitance of bit
lines and the capacitance of the capacitor plate line. In
diode-1solated matrix arrays, such as diode-antifuse (AF)
memory arrays, 1t 1s desirable to reduce the number of
reverse biased diode leakage paths. Each of these types of
memory cells may be implemented 1into a memory array in
accordance with one or more embodiments of the present
invention to achieve an improved and more etlicient 3D
memory array.

In a broader context, the mvention provides an integrated
circuit including a three-dimensional memory array having
a respective plurality of segmented array lines of a first type
on each of at least one layer of the memory array, a plurality
of global array lines on at least one layer of the memory
array, and a respective plurality of segment switch devices
on each of at least one layer of the memory array, each for
coupling one or more segmented array lines of the first type
to an associated global array line. The integrated circuit may
include a plurality of shared vertical connections in the
memory array, each providing a connection path for at least
two segmented array lines of the first type, to an associated
global array line. The shared vertical connections 1n the
memory array may provide a connection path for at least one
segmented array line of the first type on each of at least two
layers, to an associated global array line.
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In some embodiments, the invention provides a memory
array having multiple layers of switches, multiple layers of
segmented memory sense lines, and one or more layers of
long array sense lines. In some embodiments vertical con-
nections from the segmented lines to the global lines are
shared by bit line segments on two or more layers, and/or
may be shared by two or more bit line segments on each
layer.

The invention 1n several aspects 1s suitable for imtegrated
circuits having a memory array, for memory cell and
memory array structures, for methods for operating such
integrated circuits and memory arrays, for methods for
forming or fabricating such integrated circuits and memory
arrays, and for computer readable media encodings of such
integrated circuits or memory arrays, all as described herein
in greater detail and as set forth in the appended claims.

The foregoing 1s a summary and thus contains, by neces-
sity, stmplifications, generalizations and omissions of detail.
Consequently, those skilled 1n the art will appreciate that the
foregoing summary 1s 1illustrative only and that 1t 1s not
intended to be 1n any way limiting of the invention. Other
aspects, mventive features, and advantages of the present
invention, as defined solely by the claims, may be apparent
from the detailed description set forth below.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be better understood, and 1ts
numerous objects, features, and advantages made apparent
to those skilled 1n the art by referencing the accompanying
drawings.

FIG. 1 1s a block diagram of a three-dimensional memory
array having at least two memory planes, each defining
multiple memory blocks having segmented sense lines, in
accordance with the present invention.

FIG. 2 1s a schematic diagram representing a memory
plane within an exemplary three-dimensional passive ele-
ment memory array i1n accordance with some embodiments
of the present invention, illustrating 2:1 interleaved bit line
segments, with a bit line segment from each of two adjacent
blocks sharing a vertical connection to an associated global
bit line residing on a diflerent layer, to achieve a global bit
line pitch that 1s twice the pitch of the bit line segments.

FIG. 3A 1s a schematic diagram representing a memory
plane within an exemplary three-dimensional NOR
EEPROM memory array, illustrating 2:1 interleaved bit line
segments and bias line segments, with two laterally adjacent
bit line segments sharing a vertical connection to an asso-
ciated global bit line residing on a different layer, in accor-
dance with an embodiment of the present invention.

FIG. 3B i1s a schematic diagram representing a memory
plane within an exemplary three-dimensional NOR
EEPROM memory array, illustrating 2:1 interleaved bit line
segments and bias line segments, with laterally adjacent bias
line segments sharing a vertical connection to an associated
one of a pair of global bias lines, 1n accordance with an
embodiment of the present invention.

FIG. 4 1s a schematic diagram representing a memory
plane within an exemplary three-dimensional DRAM
memory array, illustrating 2:1 interleaved bit line segments
and a common bias line, with two laterally adjacent bit line
segments sharing a vertical connection to an associated
global bit line residing on a different layer, 1n accordance
with an embodiment of the present invention.

FIG. 5 1s a schematic diagram representing a memory
plane within an exemplary three-dimensional FeRAM

memory array, illustrating 2:1 interleaved bit line segments
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and a pair of bias lines, with two laterally adjacent bit line
segments sharing a vertical connection to an associated
global bit line residing on a different layer, in accordance
with an embodiment of the present invention.

FIG. 6 1s a perspective view ol a multi-level array
structure 1n accordance with an embodiment of the present
invention, showing a halt-mirrored memory array having bit
line segments on a bit line layer shared with word lines on
a layer below the bit line layer and also by word lines on a
layer above the bit line layer.

FI1G. 7 1s a schematic diagram representing a bit line layer
within an exemplary three-dimensional memory array, illus-
trating non-interleaved bit line segments which do not share
vertical connections with any other bit line segments on the
same bit line layer.

FIG. 8 1s a schematic diagram representing a bit line layer
within an exemplary three-dimensional memory array, 1llus-
trating 2:1 interleaved bit line segments, with a bit line
segment from each of two adjacent blocks sharing a vertical
connection to an associated global bit line residing on a
different layer, to achieve a global bit line pitch that is twice
the pitch of the bit line segments.

FIG. 9 1s a schematic diagram representing a bit line layer
within an exemplary three-dimensional memory array, 1llus-
trating 2:1 interleaved bit line segments, with two laterally
adjacent bit line segments within the same block sharing a
vertical connection to a global bit line with two laterally
adjacent bit line segments within an adjacent block.

FIG. 10 1s a schematic diagram representing a bit line
layer within an exemplary three-dimensional memory array,
illustrating 2:1 1interleaved bit line segments, with two
laterally adjacent bit line segments within the same block
sharing a vertical connection to a global bit line.

FIG. 11 1s a schematic diagram representing a bit line
layer within an exemplary three-dimensional memory array,
illustrating 4:1 interleaved bit line segments, with two bit
line segments within the same block sharing a vertical
connection to a global bit line with two bit line segments

within an adjacent block, to achieve a global bit line pitch
that 1s one-fourth the pitch of the bit line segments.

FIG. 12 1s a schematic diagram representing a bit line
layer within an exemplary three-dimensional ROM memory
array, illustrating two memory segments associated with
cach bit line segment, and two laterally adjacent bias line
segments sharing a vertical connection to one of two global
bias lines residing on a different layer, 1n accordance with an
embodiment of the present invention.

The use of the same reference symbols 1n different draw-
ings indicates similar or 1dentical items.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

Referring now to FIG. 1, a block diagram 1s depicted of
an exemplary memory array organization 100 including a
memory array 102 having a plurality of array blocks 104,
105, . .. 106. Half of the word lines for each array block are
driven by a row decoder 111 to the left of the array 102,
while the other half of the word lines for each array block are
driven by a row decoder 112 to the right of the array 102.
Using array block 105 as an example, a group of word lines
113 1s provided by the row decoder 111 (which may repre-
sent the even-numbered word lines), while a second group
of word lines 115 1s provided by the row decoder 112 (which
may represent the odd-numbered word lines). The row
decoder 111 also provides one or more block select signals
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114 to the array block 105, while the row decoder 112 also
provides one or more block select signals 116 to the array
block 105.

The memory array 102 includes a plurality of global bit
lines, described further below. Half of the global bit lines
(e.g., the odd-numbered global bit lines labeled 108) are
driven and/or sensed by a column circuits block 107 at the
top of the array 102, while the other half of the global bit
lines (e.g., the even-numbered global bit lines labeled 110)
are driven and/or sensed by a column circuits block 109 at
the bottom of the array 102.

Referring now to FIG. 2, a schematic diagram 1s depicted
which represents a memory plane within an exemplary
three-dimensional passive element memory array. One such
memory plane 150 1s shown, although preferably other
memory planes are similarly arranged, as described in
greater detail herebelow. The memory plane 150 1includes a
plurality of blocks, such as blocks 151, 152, and 153. Fach
block 1ncludes a plurality of word lines, such as word lines
156 associated with block 152. Each block also includes a
plurality of bit line segments, such as bit line segments 157,
158, 159, and 160 associated with block 152. As indicated,
a memory cell (e.g., memory cell 173) 1s formed between
cach word line and each bit line segment within a block.

Each bit line segment may be coupled to an associated
global bit line by a segment switch device which 1s con-
trolled by a block select signal. For example, bit line
segment 157 1s coupled by a segment switch device 161 to
global bit line 154, which preferably resides on a difierent
layer of the memory array. The connection path to the global
bit line 1s formed by way of a vertical connection 167, which
1s shared by other memory planes, to provide a path for a bat
line segment from any of at least two memory planes to be
coupled to the global bit line.

The bit line segments of memory plane 150 are arranged
in a 2:1 mterleaved configuration, which allows the required
pitch of the global bit lines to be twice that of the bit line
segments. In this particular interleave arrangement half of
the bit line segments within a block exit to the top of the
block and are coupled under control of a SELECT-A control
signal to the respective global bit lines, while the other half
of the bit line segments exit to the bottom of the block and
are coupled under control of a SELECT-B control signal to
the same respective global bit lines. In particular, bit line
segment 158 1s coupled by segment switch device 163 to a
shared vertical connection 169 to global bit line 154, bit line
segment 139 1s coupled by segment switch device 162 to a
shared vertical connection 168 to global bit line 155, and bit
line segment 160 1s coupled by segment switch device 164
to a shared vertical connection 170 to global bit line 155.

In this exemplary configuration each of the shared vertical
connections (which are shared vertically with other memory
planes) 1s also shared by a bit line segment in an adjacent
memory block within the same memory plane. For example,
a bit line segment 1n block 151 (unlabeled) 1s coupled by
segment switch device 171 (under control of a block select
signal SELECT-E) to the same shared vertical connection
167, and consequently to global bit line 154. In other words,
a bit line segment from each of two adjacent blocks shares
a vertical connection to an associated global bit line, to
achieve a global bit line pitch that 1s twice the pitch of the
bit line segments. In particular another bit line segment in
block 151 (unlabeled) 1s coupled by segment switch device
172 (controlled by SELECT-E) to the shared vertical con-
nection 168, and consequently to global bit line 1355. As
described below, other interleave arrangements are also
contemplated. Likewise bit line segments from memory
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block 153 are respectively coupled by segment switch
devices 165, 166 to shared vertical connections 169, 170 and
consequently to global bit lines 154, 155.

In this embodiment each global bit line 1s operably
coupled to a respective bit line segment 1n a selected block
of a selected memory plane by driving one of the two block
select control signals associated with the selected block to an
active state, while leaving the other block select control
signal of the selected block, and all other blocks (both on the
same memory plane and on other memory planes sharing the
same global bit lines), at an inactive level. In a read
operation, the signal from a memory cell 1s coupled from the
bit line segment to a global bit line, and subsequently to
sensing circuitry. In a write operation, the programming
voltages and currents are conveyed from write driver cir-
cuitry, through the global bit line, through the segment
switch device to the bit line segment, and coupled thereby to
the selected memory cell.

Referring now to FIG. 3A, a schematic diagram 1s
depicted which represents a memory plane within an exem-
plary three-dimensional NOR EEPROM memory array.
Again, only one such memory plane 200 1s shown, although
preferably other memory planes are similarly arranged and
share the wvertical connections to global bit lines. The
memory plane 200 includes a plurality of blocks, although
only one such block 1s fully depicted (with select devices for
another block drawn 1n dashed lines). Each block includes a
plurality of word lines, such as word lines 216, and also
includes a plurality of bit line segments, such as bit line
segments 201, 202, 203, and 204. Each block also includes
a plurality of bias line segments, such as bias line segments
221, 222, 223, and 224. As indicated, a memory cell (e.g.,
memory cell 215) 1s formed between a bit line segment and
a bias line segment within a block, and 1s controlled by a
word line within the block. Such three-terminal memory
cells may be viewed as including a switch device, and may
advantageously include a device having a charge storage
dielectric, such as a SONOS (silicon-oxide-nitride-oxide-
silicon) device. As used herein, such SONOS devices may
include those having an oxymitride layer rather than, or 1n
addition to, a nitride layer.

Each bit line segment may be coupled to an associated
global bit line by a segment switch device which 1s con-
trolled by an associated block select signal. For example, bit
line segment 201 1s coupled by a segment switch device 205
(controlled by a SELECT-A block select signal) to global bit
line 211, which preferably resides on a different layer of the
memory array. The connection path to the global bit line 1s
tormed by way of a vertical connection 209, which 1s shared
by other memory planes, to provide a path for a bit line
segment from any of at least two memory planes to be
coupled to the associated global bit line.

The bit line segments of memory plane 200 are arranged
in a 2:1 interleaved configuration, which again allows the
required pitch of the global bit lines to be twice that of the
bit line segments. In this particular interleave arrangement,
adjacent bit line segments within a block share the same
vertical connection to a global bit line but are controlled by
different block select signals. Specifically, bit line segment
202 1s coupled by segment switch device 206 (controlled by
a SELECT-B block select signal) to global bit line 211, while

bit line segment 203 1s coupled by segment switch device
207 (controlled by SELECT-A) to global bit line 212, and bit

line segment 204 1s coupled by segment switch device 208

(controlled by SELECT-B) similarly to global bit line 212.
Referring to the bottom of FIG. 3A, the vertical connec-
tions may also be shared by an adjacent block. As indicated
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in dashed lines, segment switch device 213, which 1s con-
trolled by a block select signal SELECT-A' (which 1s dii-
terent from SELECT-A), couples a bit line segment from the
adjacent memory block to the same vertical connection 209
to connect to the global bit line 211. Similarly, segment
switch device 214 (controlled by a block select signal
SELECT-B') couples another bit line segment from the
adjacent memory block to the same vertical connection 209
to connect to the global bit line 211. In such a configuration,
cach vertical connection to an associated global bit line 1s
shared by two laterally adjacent bit line segments within
cach of two adjacent memory blocks within a bit line layer.
Such vertical connections are also preferably shared by
similar structures on one or more additional bit line layers of
the array.

Referring to the top of FIG. 3A, each of the bias line
segments within the block 1s coupled by one of two bias line
select signals associated with the block to a bias node for the
block. Specifically, bias line segment 221 1s coupled by
segment switch device 217 (controlled by SELECT-C) to a
common bias line 220, while bias line segment 222 1is
coupled by segment switch device 218 (controlled by
SELECT-D) to the same bias line 220, both by way of a
shared vertical connection 219. In some embodiments, the
vertical connection 219 (and consequently the bias line 220)
may be shared by an adjacent block (not shown). The bias
line 220 1s preferably routed on an interconnect layer above
the memory cells, and traverses parallel to the word lines.

In another embodiment, shown 1n FIG. 3B, the
SELECT-C signal 1s connected to both device 217 and 218
but two different bias lines are provided. The arrangement of
vertical connections to global bias lines and global bit lines
1s such that memory segments such as 221 and 222 that share
a global bit line 211 do not share the same global bias line
but rather are connected to bias line 241 and 242, respec-
tively. Shared vertical connections, such as 240, for the
connection to global bias lines may still be used to save area.

In some embodiments, each block may contain 128 word
lines, and consequently there are 128 memory cells coupled
to each bit line segment which together form a NOR group
of memory cells. The bit line segments may also be viewed
as a segmented sense line or common source line of the
memory cells of the block. Within a block, there are many
groups of 128 SONOS devices (alternatively, floating gate
devices) that all share the 128 word lines (e.g., word lines
216) that form the gates of the SONOS devices, although 1n
FIG. 3A only four such groups are shown. In the bit line
direction, while two memory blocks are suggested by FIG.
3A, i practice 1t 1s anticipated that many such memory
blocks would be present on each memory plane and share
the same global bit lines. A number of memory planes are
also contemplated, each sharing the same vertical connec-
tions to the global bit lines. For example, eight memory
planes (i1.e., memory layers) i1s particularly advantageous,
although other numbers, both greater and less than eight are
also contemplated. While numbers of memory planes which
are mtegral powers of two may be convenient for decoder
elliciency, such 1s not necessarily required.

The segment switch devices (both for the bit line seg-
ments and bias line segment s) may be implemented as any
of a variety of switch devices, such as MOS ftransistors,
which may be N-channel, P-channel, enhancement mode or
depletion mode, but are preferably implemented as a single
device with the same structure as the SONOS memory cell
devices. The width and length of the segment switch devices
are not necessarily the same as the cell device. In some
embodiments the device may be about twice as wide as the
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cell device so the resistance of the device 1s smaller than the
cell and has a minimal effect on the sensing operations.

If implemented as a SONOS device, the threshold voltage
(V) of the segment switch device (e.g., device 205) can
change during memory operation, particularly during pro-
gram operations. Consequently, the segment switch device 1s
preferably periodically biased in a suitable manner to peri-
odically reset the V- to the low (1.e., erased) state. In some
embodiments 1t may be desirable to modity the switch
device to prevent such unintentional programming from
occurring. For example, the semiconductor process may be
altered to selectively remove the nitride region from the gate
dielectric of the segment switch devices (but not the memory
cell devices) belore the transistor gate regions are formed. In
an alternative embodiment, the segment switch 1s set to the
high threshold value (1.e., programmed state) and the volt-
ages applied to the various SELECT signals are high enough
to pass the desired voltage and current.

In some embodiments having eight memory planes, the
vertical connections to the global bit lines are shared by all
cight memory planes. As shown in FIG. 3A, the vertical
connections may also be shared by two adjacent NOR
groups (1.¢., shared by two adjacent bit line segments). By
activating (1.e., selecting) either SELECT-A or SELECT-B
one at a time, the individual bit line segments may be
individually coupled to the global bit lines to either sense the
segmented lines one at a time or write the segmented lines
one at a time. The vertical connections may also be shared
by an adjacent memory block, such as that selected by the
SELECT-A' and SELECT-B' signals shown. This sharing
reduces the number of vertical connections which take up
valuable chip area, especially as the number of cells on the
segment 1s frequently limited by program disturb character-
istics and by the desired erase block size to be 1n the range
of 128 cells or less.

In some exemplary embodiments, a number of memory
blocks, such as 64 such memory blocks, may be provided,
which all share the same global bit lines. The wvertical
connections from the bit line segments (through the segment
switch devices) to a global sense line may be shared between
adjacent memory blocks, giving rise to, for example, 32 such
vertical connections per global bit line. Each global bit line
1s also connected to sense circuitry and a write drive (i.e.,
programming) circuitry, and 1n some embodiments also to a
set of cells used as a reference for sensing. Preferably the
global bit lines traverse parallel to the segmented sense lines
(1.e., bit line segments) on a wiring layer preferably below
the memory cells for easy attachment to support circuits.

In operation each global bit line 1s coupled to a respective
bit line segment 1n a selected block of a selected memory
plane by driving one of the two block select control signals
associated with the selected block to an active state, while
leaving the other block select control signal of the selected
block, and all the block select control signals of other blocks
(both on the same memory plane and on other memory
planes sharing the same global bit lines), at an mactive level.
In a read operation the signal from a memory cell 1s coupled
from the bit line segment to a global bit line, and subse-
quently to sensing circuitry. In a write (programming) mode
of operation, the programming voltages and currents are
conveyed from write driver circuitry, through the global bit
line, through the segment switch device to the bit line
segment, and coupled thereby to the selected memory cell.

In the programming mode the control signals SELECT-A
and SELECT-B and the control signals SELECT-C and
SELECT-D are coordinated so either a bit line segment
select device (1.e., a bit line switch) or a bias line segment
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select device (1.e., a bias line switch) 1s on for each of the
selected groups, but not both. The bias line 220 1s preferably
utilized to provide a write inhibit voltage to unselected cell
groups, as 1s further described 1n U.S. patent application Ser.
No. 10/323,737, filed Dec. 23, 2002, entitled “Array Con-
taining Charge Storage and Dummy Transistors and Method
of Operating the Array,” which application 1s hereby incor-
porated by reference 1n 1ts entirety. Some of the global bit
lines preferably are biased to also provide a write mhibat
voltage to other memory cell groups that are not being
programmed. In a read mode of operation the SELECT-A,
SELECT-B, SELECT-C, and SELECT-D control signals are
coordinated so that a suitable bias 1s supplied to the bias line
side of a selected memory cell, and the bit line segment
(sense line) switch device 1s turned on for sensing.

The invention may also be applied to dynamic random
access memory arrays (DRAM arrays) in which memory
cell state 1s stored as a charge level on a capacitor. FIG. 4 1s
a schematic diagram representing a memory plane within an
exemplary three-dimensional DRAM memory array. Only
one such memory plane 250 1s shown, although preferably
other memory planes are similarly arranged and share the
vertical connections to global bit lines. The memory plane
250 includes a plurality of blocks, although only one such
block 1s tully depicted (with select devices for another block
drawn 1n dashed lines). Each block includes a plurality of
word lines, such as word lines 266 and also includes a
plurality of bit line segments, such as bit line segments 251,
252, 253, and 254. Each block also includes a plurality of
bias line segments, such as bias line segments 271, 272, 273,
and 274, which are connected to a common bias line 267. As
indicated, a memory cell (e.g., memory cell 265) 1s formed
between a bit line segment and a bias line segment within a
block, and 1s controlled by a world line within the block.
Such three-terminal memory cells may be viewed as 1includ-
ing a switch device, and may be formed 1 a variety of
suitable configurations, but preferably include an enhance-
ment mode NMOS select device 1n series with a dielectric
capacitor. Such dielectrics may include silicon oxides, sili-
con oxy-nitrides, tantalum oxides, and other desirable high
permittivity dielectrics.

In the exemplary embodiment shown, each bit line seg-
ment 1s coupled to an associated global bit line by a segment
switch device which 1s controlled by an associated block
select signal. For example, bit line segment 251 1s coupled
by a segment switch device 255 (controlled by a SELECT-A
block select signal) to global bit line 261, which resides on
a different layer of the memory array. The connection path
to the global bit line 1s formed by way of a vertical
connection 259, which is shared by other memory planes, to
provide a path for a bit line segment from any of at least two
memory planes to be coupled to the associated global bit
line.

The bit line segments of memory plane 250 are arranged
in a 2:1 interleaved configuration, which provides for the
global bit line pitch to be twice that of the bit line pitch. In
this particular interleave arrangement adjacent bit line seg-
ments within a block share the same vertical connection to
a global bit line but are controlled by different block select
signals. Specifically, bit line segment 252 1s coupled by
segment switch device 256 (controlled by a SELECT-B
block select signal) to global bit line 261. Moreover, bit line
segment 253 1s coupled by segment switch device 257
(controlled by SELECT-A) to global bit line 262, and bit line
segment 254 1s coupled by segment switch device 258
(controlled by SELECT-B) similarly to global bit line 262,

both by way of a shared vertical connection 260.
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The shared vertical connections may also be shared by an
adjacent block within the same memory plane. As indicated
in dashed lines, segment switch device 263, controlled by a
block select signal SELECT-C, couples a bit line segment
from the adjacent memory block to the same vertical con-
nection 259 to connect to the global bit line 261. Similarly,
segment switch device 264, controlled by a block select
signal SELECT-D, couples another bit line segment from the
adjacent memory block to the same vertical connection 259
to connect to the global bit line 261. In such a configuration,
cach vertical connection to an associated global bit line 1s
shared by two laterally adjacent bit line segments within
cach of two adjacent memory blocks within a bit line layer.
Such vertical connections are also preferably shared by
similar structures on one or more additional bit line layers of
the array.

Each of the bias line segments within the block 1s con-
nected to a common bias line 2677, which 1s preferably routed
parallel to the word lines on an interconnect layer above the
memory cells, and may be shared with an adjacent memory
block on the same memory plane, as well as shared by other
memory planes through one or more vertical connections
(not shown).

The number of memory cells per bit line segment may be
determined by the capacitance of the bit line segment
compared to the global bit line. In some embodiments, 128
such memory cells may be associated with each bit line
segment. The bit line segment switch devices (e.g., device
255) may be implemented as any of a variety of switch
devices, such as MOS transistors, which may be N-channel,
P-channel, enhancement mode or depletion mode, but are
preferably implemented as a single device with the same or
similar structure as the memory cell select devices. How-
ever, the width and length of the segment switch devices are
not necessarily the same as the memory cell select device.

DRAM memory cells are destructively read, as 1s well
known, and must be refreshed after being read. To read one
or more memory cells with the memory block depicted, one
of the word lines 266 i1s driven to an active level, which
transters charge from the associated memory cells to both bit
line segments 251 and 252. By first activating only one of
the SELECT-A or SELECT-B control signals, one of the two
bit line segments 1s coupled to the global bit line and may be
sensed, then the global bit line 1s biased again at a suitable
read level, and the other SELECT-A or SELECT-B control

signal 1s then activated to couple the other bit line segment
to the global bit line for sensing. The SELECT-C and
SELECT-D control signals remain inactive during such a
read operation for the memory block shown, as do the
associated control signals for all other blocks (both on the
same memory plane and on other memory planes sharing the
same global bit lines).

To write such a memory cell, the global bit line 1s driven
to a first data level for the first bit line segment sharing the
global bit line, and the appropriate SELECT control signal
1s pulsed to write the data onto the first bit line segment (and
into the selected memory cell), then the global bit line 1s
driven to a second data level for the second bit line segment
sharing the global bit line, and the other SELECT control
signal 1s pulsed to write the data onto the second bit line
segment. With both bit line segments driven to the associ-
ated data state, the selected word line may then be inacti-
vated to complete the write into the memory cells associated
with the selected word line.

Referring now to FIG. 5, a schematic diagram 1s depicted
which represents a memory plane 300 within an exemplary
three-dimensional FeRAM memory array, although prefer-
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ably other memory planes are similarly arranged and share
the vertical connections to global bit lines. The memory
plane 300 includes a plurality of blocks, although only one
such block 1s fully depicted (with select devices for another
block drawn 1n dashed lines). Each block includes a plurality
of word lines, such as word lines 316 and also includes a
plurality of bit line segments, such as bit line segments 301,
302, 303, and 304. Each block also includes a plurality of
bias line segments, such as bias line segments 321, 322, 323,
and 324. As indicated, a memory cell (e.g., memory cell
315) 1s formed between a bit line segment and a bias line
segment within a block, and 1s controlled by a world line
within the block. Such three-terminal memory cells may be
viewed as including a switch device, and may advanta-
geously include an N-channel enhancement-mode field
ellect transistor.

Each bit line segment may be coupled to an associated
global bit line by a segment switch device which 1s con-
trolled by an associated block select signal. The bit line
segments of memory plane 300 are arranged mm a 2:1
interleaved configuration, which again allows the required
pitch of the global bit lines to be twice that of the bit line
segments. In this particular interleave arrangement adjacent
bit line segments within a block share the same vertical
connection to a global bit line but are controlled by difierent
block select signals. Specifically, bit line segments 301, 302
are respectively coupled by segment switch devices 305

(controlled by a SELECT-A) and 306 (controlled by
SELECT-B), to the global bit line 311 by way of a shared
vertical connection 309, which 1s shared by other memory
planes and optionally shared with an adjacent memory block
(e.g., segment switch devices 313, 314). Bit line segments

303, 304 are respectively coupled by segment switch
devices 307 (controlled by SELECT-A) and 308 (controlled

by SELECT-B) to a global bit line 312 by way of a shared
vertical connection 310, which 1s shared by other memory
planes.

Referring to the top of FIG. 5, each of the bias line
segments within the block 1s coupled by one of two bias line
select signals associated with the block to a corresponding
one of two bias nodes for the block. Specifically, bias line
segments 321, 322 are respectively coupled by segment
switch devices 317 (controlled by SELECT-C), 318 (con-
trolled by SELECT-D) to a bias line 319, which 1s preferably
routed on an 1nterconnect layer above the memory cells and
traverse parallel to the word lines. In some embodiments, the
bias line 319 may be shared by an adjacent block (not
shown).

Memory blocks may be configured with a number of word
lines, such as 128 word lines, and many such memory blocks
would preferably be present on each memory plane and
share the same global bit lines. A number of memory planes
are also contemplated, each sharing the same vertical con-
nections to the global bit lines. A number of memory planes
may be provided, such as eight memory planes.

The segment switch devices (both for the bit line seg-
ments and bias line segments) may be implemented as any
of a variety of switch devices, such as MOS ftransistors,
which may be N-channel, P-channel, enhancement mode or
depletion mode, but are preferably implemented as a single
device with the same structure as the memory cell switch
devices. The width and length of the segment switch devices
are not necessarily the same as the cell device. In some
embodiments the device may be about twice as wide as the
cell device so the resistance of the device 1s smaller than the
cell and has a minimal effect on the sensing operations.
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As shown 1n FIG. 5, the vertical connections may be
shared by two adjacent NOR groups (i.e., shared by two
adjacent bit line segments which share the same word lines).
By activating (1.e., selecting) either SELECT-A or
SELECT-B one at a time, the individual bit line segments
may be individually coupled to the global bit lines to either
sense the segmented lines one at a time or write the
segmented lines one at a time. The vertical connections may

also be shared by an adjacent memory block, such as that
selected by the SELECT-A" and SELECT-B' signals shown.

In a read mode of operation the SELECT-A, SELECT-B,
SELECT-C, and SELECT-D control signals are coordinated
so that a suitable bias 1s supplied to the bias line side of a
selected memory cell, and the bit line segment (sense line)
switch device 1s turned on for sensing. In a write mode of
operation the cell device in cell 315 1s turned on and
SELECT-A and SELECT-C are at an active level to apply a
voltage across the ferro-electric capacitor in the cell that 1s
suilicient to polarize the ferro-electric material. In a destruc-
tive read mode of operation, the cell 315 1s read by sensing
the current produced by a reversing of the polarization in the
terro-electric material 1n cell 315. During this sensing the
cell device 1s turned on and SELECT-C and SELECT-A are
at the active level, and a voltage pulse 1s applied from the
global bias line BIAS1 through device 317 to the segmented
bias line 321 while sensing global bit line 311. The
SELECT-B and SELECT-D control signals are at an inactive
level, devices 306 and 318 are off, and no memory cell on
bit line segment 302 receives a bias pulse either from the
bias line or due to voltage transients on the bit line. In
alternative embodiments of the invention, known non-de-
structive read modes of operation of the FeRAM cell may be
used.

FIG. 6 1s a perspective view ol a multi-level array
structure 1n accordance with an embodiment of the present
invention, showing a halt-mirrored memory array having bit
line segments on a bit line layer shared with word lines on
a 1irst word line layer below the bit line layer and also by
word lines on a second word line layer above the bit line
layer. The labeling of this figure generally corresponds to
that shown 1n FIG. 2, assuming that the word lines 156 lie
on a word line layer above the bit line layer containing bit
line segments 157, 158, 159, and 160. In contrast to the
structure depicted in FI1G. 2, however, the structure shown 1n
FIG. 6 includes a second word line layer which shares the
same bit line layer. Word lines 352 on word line layer 1 and
the bit lines 157, 158 of bit line layer 2 form another memory
plane having a plurality of memory cells, such as memory
cell 353, each formed between an associated one of the word
lines 352 and an associated on of the bit line segments on bit
line layer 2.

The vertical connections 167, 169 provide for a connec-
tion path from the segment switch devices 161, 163 (i.c.,
block select devices) within bit line layer 2 to an associated
global bit line 154. In embodiments having more than two
such memory planes, these vertical connections 167, 169
may provide a connection to additional bit line layers, as
well. Such vertical connections may be formed using one or
more vias through the various layers of the integrated circuit,
and may use vias having some degree of oflset for succes-
sive vias, preferably the vertical connections are formed
using substantially aligned or coincident via structures to
reduce the total area consumed by such connections. This
configuration represents bit line segments which are 2:1
interleaved, and thus allows a more relaxed global bit line
pitch relative to the pitch of the bit line segments.

5

10

15

20

25

30

35

40

45

50

55

60

65

14

A wide variety of array configurations are contemplated
for use with this invention. In FIG. 7, a schematic diagram
1s depicted representing a bit line layer within an exemplary
three-dimensional memory array 400, illustrating non-inter-
leaved bit line segments which do not share vertical con-
nections with any other bit line segments on the same bit line
layer. In array block 401, a bit line segment 404 1s coupled
by segment switch device 403 to a vertical connection 405,
which 1s connected to global bit line 406. In the adjacent
array block 402, a bit line segment 407 i1s coupled by
segment switch device 408 to a vertical connection 409,
which 1s also connected to global bit line 406. The pitch of
the global bit lines 1s identical to that of the bit line
segments, and the pitch of the vertical connections 1s also
identical to that of the bit line segments. A single block select
signal (e.g., SELECT-A, SELECT-B) 1s provided for each
array block.

FIG. 8 1s a schematic diagram representing a bit line layer
within an exemplary three-dimensional memory array 430,
illustrating 2:1 interleaved bit line segments, with a bit line
segment from each of two adjacent blocks (i.e., opposing bit
line segments) sharing a vertical connection to an associated
global bit line, to achueve a global bit line pitch that 1s twice
the pitch of the bit line segments. In array block 432, a bit
line segment 434 1s coupled by segment switch device 439
to a vertical connection 440, which 1s connected to global b1t
line 441. The adjacent bit line segment 435 1s coupled by
segment switch device 436 to a vertical connection 437,
which 1s also connected to the same global bit Line 441. The
vertical connection 440 1s also shared by a bit line segment
within the adjacent array black 431, white the vertical
connection 437 1s also shared by a bit line segment within
adjacent array block 433 by way of segment switch device
438. The pitch of global bit lines 441,442 1s twice that of the
bit line segments 434,435, Moreover, the pitch of the vertical
connections (e.g., vertical connections 440,443) 1s also twice
that required by the structure of FIG. 7. A pair of block select
signals 1s provided for each array block (e.g., SELECT-B,
SELECT-C for block 432).

FIG. 9 1s a schematic diagram representing a bit line layer
within an exemplary three-dimensional memory array, 1llus-
trating 2:1 interleaved bit line segments, with two laterally
adjacent bit line segments within the same block sharing a
vertical connection to a global bit line with two laterally
adjacent bit line segments within an adjacent block. In array
block 462, a bit line segment 465 1s coupled by segment
switch device 469 to a vertical connection 471, which 1s
connected to global bit line 474. The adjacent bit line
segment 466 1s coupled by segment switch device 470 to the
same vertical connection 471. In the adjacent array block
463, a bit line segment 467 1s coupled by segment switch
device 472 to the same vertical connection 471, and bit line
segment 468 1s coupled by segment switch device 473 to the
same vertical connection 471. Each vertical connection 1s
shared by a respective pair of adjacent bit line segments 1n
cach of two adjacent array blocks. The global bit line pitch
1s again twice the pitch of the bit line segments, as 1s the
pitch of the vertical connections. Hall as many vertical
connections are needed relative to the structure of FIG. 8, as
no vertical connections are provided between array blocks
461 and 462, and between array blocks 463 and 464. A pair
of block select signals 1s provided for each array block (e.g.,
SELECT-A, SELECT-B for block 462), both disposed to
one side of the array block.

FIG. 10 1s a schematic diagram representing a bit line
layer within an exemplary three-dimensional memory array,
illustrating 2:1 interleaved bit line segments, with two
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laterally adjacent bit line segments within the same block
sharing a vertical connection to a global bit line. In array
block 501, a bit line segment 503 1s coupled by segment
switch device 505 to a vertical connection 506, which 1s
connected to global bit line 508. An adjacent bit line
segment 504 1s coupled by segment switch device 507 to the
same vertical connection 306. In the adjacent array block
502, a pair of bit line segments shares a vertical connection
509, which connects to the same global bit line 508. Each
vertical connection 1s shared by a pair of adjacent bit line
segments within an array block. The global bit line pitch
(and the vertical connection pitch) 1s again twice the pitch of
the bit line segments. A pair of block select signals 1s
provided for each array block (e.g., SELECT-A, SELECT-B
for block 501), both disposed to one side of the array block.

FIG. 11 1s a schematic diagram representing a bit line
layer within an exemplary three-dimensional memory array,
illustrating 4:1 interleaved bit line segments, with two bit
line segments within the same block sharing a vertical
connection to a global bit line with two bit line segments
within an adjacent block, to achieve a global bit line pitch
that 1s one-fourth the pitch of the bit line segments. In array
block 532, a bit line segment 536 1s coupled by segment
switch device 538 to a vertical connection 540, which 1s
connected to global bit line 544. An adjacent bit line
segment 335 1s coupled by segment switch device 5339 to the
same vertical connection 540. In adjacent array block 531,
a pair of bit line segments are coupled through respective
segment switch devices to the same vertical connection 540.
Also 1n array block 532, a bit line segment 534 1s coupled
by segment switch device 543 to a vertical connection 541,
which 1s similarly connected to global bit line 544. Another
bit line segment 337 1s coupled by segment switch device
542 to the same vertical connection 341. In adjacent array
block 533, another pair of bit line segments are coupled
through respective segment switch devices to the same
vertical connection 541.

Each vertical connection 1s shared by a respective pair of
adjacent bit line segments 1n each of two adjacent array
blocks. But in this structure, the vertical connections are
provided between each array block, allowing four bit line
segments on the same bit line layer within a given array
block to be associated with the same global bit line. The
global bit line pitch 1s thus four times the pitch of the bit line
segments, as 1s the pitch of the vertical connections. Since
cach vertical connection supports four bit line segments, no
additional vertical connections are needed relative to the
structure of FIG. 9, but the required global bit line has
nonetheless been relaxed by another factor of two. A quad of
block select signals 1s provided for each array block (e.g.,
SELECT-C, SELECT-D, SELECT-E, SELECT-F {for block
532), disposed 1n pairs to each side of the array block.

The mmvention may also be embodied as a read only
memory (ROM) as shown i FIG. 12. The memory cell
consists of a single device such as 615 1n a layer 600 and
other layers (not shown). The threshold of the memory cell
device can be modified by any suitable technique known 1n
the art of ROM arrays. A memory cell 615 1s read by
controlling the SELECT-A, SELECT-B, SELECT-C, and
SELECT-D lines, and the BIAS1 line 620 and the BIAS2
line 619, while sensing the global bit line 611. Two memory
segments, one icluding memory cells 615qa, . . . 615,
615z, and the other including memory cells 625(1,1
625, . . . 625z, are associated with bit line segment 601.
Memory cell devices exist at every intersection of a word
line and a gap between bit line segments 601, 602, 603, and
604 and bias line segments 621, 622, 623, and 624. This
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arrangement forms a very dense matrix of memory cells 1n
cach memory layer and creates what could be called a

cross-point device matrix of 4F~ cells. A conductive path
through a memory cell 615 from BIASI line 620 to the
global bit line 611 1s established by ralsmg SELECT-C and
SELECT-A to their active level and raising the word line
616. By comparison, the path through memory cell 625
requires SELECT-D and SELECT-A to be active. While
sensing memory cell 615, a potential sneak path through
collective devices 618, 627, 626, and 625 to bit line segment
601 may exist. But thus potential sneak path does not
interfere with sensing 1f the BIAS2 line 619 i1s held at a
voltage close to the voltage of the global bit line 611. Current
mode sensing on global bit lines 1s preferred for this embodi-
ment. The BIAS1 and BIAS2 lines are respectively coupled

to alternating pairs of bias line segments. For example,
BIAS1 1s coupled to bias line segment 621 (by SELECT-C)
and bias line segment 622 (by SELECT-D), whereas BIAS2
1s coupled to bias line segment 623 (by SELECT-C) and bias
line segment 624 (by SELECT-D). This embodiment 1s also
envisioned with write-once memory cells.

As may be appreciated by the above-described examples,
the present invention may be employed 1n a wide variety of
embodiments. For example, the global bit lines may reside
on a layer that 1s below all the memory layers (1.e., memory
planes), above all the memory layers, or 1n the midst of the
memory layers. Moreover, the global bit lines may reside on
more than one layer. As one particular example, a first layer
of global bit lines may be associated with some of the
memory planes, and second layer of global bit lines may be
associated with the remaiming memory planes.

In certain embodiments, a memory cell 1s connected
between an associated bit line segment and an associated
word line. In other embodiments, each memory cell 1s also
connected to an associated bias line segment. Such a bias
line segment may include a bias segment switch device
providing a connection to an associated bias line. Such bias
lines preferably run perpendicular to the sensing lines (i.e.,
the global bit lines).

In embodiments having segment switch devices for one or
both of the bit line segment and bias line segments, such
segment switch devices may be formed by the same process
steps as the array device. This both simplifies the process
flow and may also result in a smaller layout, as the space
between an array device and a segment switch device need
not accommodate a mask tolerance to selectively process
one differently than the other. In other embodiments, how-
ever, the segment switch device may be formed differently
than the switch device (i present) within the memory cell,
and so would have diflerent characteristics than the memory
cell switch device.

In various embodiments of the invention, a memory array
may include passive element memory cells, DRAM-like
memory cells, or FeRAM (Ferro-electric RAM) memory
cells. Such memory cells may be formed on a segmented bit
line (1.e., each memory cell coupled to an associated bit line
segment) on one or more layers of a memory array.

In various embodiments, the vertical connections may
connect to a single bit line segment on a layer, or may be
shared by more than one bit line segment on a layer. For
example, a respective bit line segment 1 each of two
adjacent array blocks (1.e., they are associated with different
word lines) may share the same vertical connection, because
the respective segment switch devices (one in each array
block) are controlled separately. Moreover, in another
example, two (or more) bit line segments 1n the same array
block (i.e., they are associated with the same word lines)




US 7,233,024 B2

17

may share the same vertical connection, because each
respective bit line segment has a separately controlled
segment switch device. Such sharing allows the global bat
line pitch and vertical connection pitch to be at least twice
the bit line segment pitch, which 1s particularly advanta-
geous for small memory cells such as Flash EEPROM cells
(e.g., tloating gate or SONOS type) and passive element
memory cells.

In certain embodiments, a single layer of global bit lines
1s provided. This global bit line layer may be above, within,
or below the memory planes, although providing the global
bit line layer below the memory array allows more advan-
tageous routing to bit line circuitry such as drivers and sense
amplifiers. In other embodiments, two layers of global bit
lines may be provided, such as one layer below the memory
planes and the other layer above the memory planes. In one
example, one bit line segment of an adjacent pair of bit line
segments (1.¢., sharing the same word lines) 1s associated
with the first global bit line layer, and the second bit line
segment of the adjacent pair 1s associated with the second
global bit line layer, which allows an even larger global bit
line pitch on each global bit line layer. Alternatively, the bit
line circuitry can be located below some of the array blocks.
The array blocks can be grouped into multiple sub-arrays.
Preferably the bit line circuitry 1s located under only some
of the sub-arrays 1n the manner of a checkerboard array, as
described 1n U.S. patent application Ser. No. 09/896,814,
filed Jun. 29, 2001, entitled “Memory Device With Row and
Column Decoder Circuits Arranged 1n a Checkerboard Pat-
tern Under a Plurality of Memory Arrays,” which applica-
tion 1s hereby incorporated by reference 1n 1its entirety. A
checkerboard arrangement 1s also envisioned for any of the
embodiments described herein. The global bit lines may be
extended to the edge of some of the sub-arrays to reach and
share bit line circuitry placed under an adjacent sub-array.
Circuitry that controls the word lines lies below the global
bit lines 1n others of the sub-arrays.

In certain embodiments, memory layers may be formed as
a mirrored structure so that bit lines (i.e., bit line segments)
and/or word lines are shared by more than one memory
plane. For example, a half-mirrored memory array may
include word lines within a word line layer which are shared
by a first bit line layer disposed above the word line layer
and by a second bit line layer disposed below the word line
layer, with the first and second bit line layers not shared with
other word line layers. Similarly, another exemplary hali-
mirrored memory array may include bit line segments within
a bit line layer which are shared by a first word line layer
disposed above the bit line layer and by a second word line
layer disposed below the bit line layer, with the first and
second word line layers not shared with other bit line layers.

In certain embodiments incorporating a half-mirrored
array, two global bit line layers may be provided so that one
memory layer 1s associated with the first global bit line layer,
and another memory layer i1s associated with the second
global bit line layer. For example, in a half-mirrored array
having a word line layer shared by an upper bit line layer and
a lower bit line layer, the upper bit line layer may be
associated with the first global bit line layer while the lower
bit line layer may be associated with the second global bit
line layer. In a memory array having at least two word line
layers and four bit line layers, a first set of bit line layers may
be associated with the first global bit line layer, with a
second set of bit line layers associated with the second
global bit line layer. Generalizing somewhat, a half-mirrored
memory array may include two sets ol memory layers
corresponding respectively to two global bit line layers.
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In some embodiments, the segment switch devices may
be implemented as diodes functioning as 1solation devices.
If the bias voltage of a global bit line 1s maintained within
a forward diode drop of a bit line segment, no substantial
current will flow and the bit line segment remains substan-
tially 1solated from the global bit line. A selected bit line
segment may be biased at a voltage different enough from
the global bit line voltage to turn on the 1solation diode and
provide a conduction path to the global bit line for sensing.

Referring now to Table 1, various contemplated embodi-
ments are indicated, in which table “P” indicates a preferred
embodiment, “A” indicates applicability, “L” indicates
lower likelthood of application, and “X” indicates no prob-
able advantage and likely, but not necessarily, even lower
applicability.

TABLE 1

Configuration:
(may be used alone or
combined with others)

Flash Passive
EEPROM ROM Element DRAM FeRAM

Segmented bit lines on N P P P P P
layers, N segment

switches, and a shared

GBL

Switch for Bias side of P L X A P
cell through vertical

connection to Line

perpendicular to GBL

Switch for Bias side of A P X A A
cell through vertical

connection to line

parallel to GBL

A vs. B segment switch A A P A A
control for fewer GBLs
A vs. B segment switch P P X A P

control plus C vs. D bias

switch control

Segments not sharing a P P P P P
word line share the

vertical connection (zia)

A vs. B on opposite ends A P P L L
of interleaved segments

for fewer GBLs

Half the GBLs above and A A P A A
half below

Full mirrored memory A A P L L
layers

Half mirrored memory A P A A A
layers

Two sets of layers and A A A A A
two vertical connections

to two GBLs

Mirrored and two sets A A P L L
Virtual ground array A A X L L

In the various embodiments, the connections between
memory layers are advantageously formed as a vertical
connection to reduce the overall area consumed by such
connections. However, the use of such terms herein as
“vertical connection” should be mterpreted to include any
manner ol making a connection between vertically adjacent
memory layers, whether using a separate via to connect each
layer to 1t neighboring layer, whether such vias are stacked
one atop another, whether each via 1s laterally displaced
relative to the vias above and below it, or whether any other
structure 1s used to fashion a connection between nodes on
more than one memory layer. The invention 1s not limited to
any particular form of “vertical connection,” as different
processes may result in more or less desirable choices for
cach process. Such a vertical connection may also be con-
veniently termed a *“zia” to mmply a wvia-type structure
connecting more than one layer in the z-direction. Preferred
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z1a structures are described in U.S. Pat. No. 6,534,403 to
Cleeves, 1ssued Mar. 18, 2003, the disclosure of which 1s
hereby incorporated by reference 1n 1ts entirety.

In various embodiments described herein, a number of
memory cells per bit line segment has been assumed for
convenience of description. It should be understood that, as
with any memory array design, a number of factors may
influence design decisions as to the number of memory cells
per bit line segment. For example, the number of memory
cells per bit line segment may be heavily influenced by the
total leakage current which may aflect a selected or unse-
lected bit line segment, by resistance of the bit line segment
and/or global bit line, or by capacitance of the bit line
segment and/or global bit line. Similarly, the number of
array blocks, the number of memory planes, and the number
of global bit line layers are also a matter of engineering
decision, and the exemplary configurations described herein
are only examples of selected cases and not required con-
figurations.

The capacitance per unit length of the global bit line 1s
preferably lower than that of the bit line segments because
the global bit line does not bear the capacitance ol unse-
lected bit line segments, and thus the overall capacitance of
the bit line during sensing 1s reduced because only one of the
many segmented bit lines associated with a given column 1s
coupled to the global bit line. Preferably the capacitance per
unit length of the global bit line 1s at least 5 times lower than
that of a bit line segment. The overall resistance of the
combined bit line may also be reduced because the global bit
line may be implemented having a larger pitch than the bit
line segments, and also may be implemented using a lower
resistance material than the usually much shorter segmented
bit lines that may be implemented using a material having a
relatively high resistance per umit length. Preferably the
resistance per unit length of the global bit line 1s at least 5
times lower than that of a bit line segment.

In certain embodiments, different types of memory cells
may be combined within the same three-dimensional
memory array within a single monolithic itegrated circuit
device. One memory plane may include memory cells of a
different type than another memory plane. For example, a
memory array may include Flash EEPROM memory cells
on one or more levels, and single device ROM cells on one
or more different levels. Passive element memory cell layers
are envisioned 1n combination with at least one layer of
diode-type ROM cells. Consequently, 1n certain embodi-
ments of the invention, the various memory planes need not
all have the same type of memory cell. As used herein, an
integrated circuit memory array 1s a monolithic integrated
circuit structure, rather than more than one 1ntegrated circuit
device packaged together or 1n close proximity.

In addition, most memory arrays are designed having a
relatively high degree of uniformity. For example, usually
every bit line includes the same number of memory cells. As
another example, the number of bit lines, word lines, array
blocks, and even memory planes 1s frequently an integral
power of two in number (i.e., 2%), for ease and efficiency of
decode circuitry. But such regularity or consistency 1s cer-
tainly not required for any of the embodiments of the present
invention. For example, bit line segments on diflerent layers
may include different numbers of memory cells, the memory
array may include three memory planes, bit line segments
within the first and last array block may be different in
number of memory cells or global bit line configuration, and
any ol many other irregular variations to the usual consis-
tency of memory array design. Unless otherwise explicitly
recited in the claims, such usual regularity, even as shown in
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the embodiments described herein, should not be imported
into the meaning of any claim.

In many of the embodiments described above, the seg-
ment switch devices (sometimes referred to as block select
devices) may be formed using the same process tlow as the
memory cells to reduce the number of process steps and
device structures fabricated at each memory level. Thus the
segment switch devices are formed having the same struc-
ture as the memory cells, although they may be sized
differently (e.g., larger in width). As used herein, such
segment switch devices may be considered to be structurally
substantially identical to the memory cell devices, even
though their respective threshold voltages may be pro-
grammed or erased to different values.

It should be appreciated that the designations top, leit,
bottom, and right are merely convenient descriptive terms
for the four sides of a memory array. The word lines for a
block may be implemented as two inter-digitated groups of
word lines oriented horizontally, and the global bit lines for
a block may be implemented as two inter-digitated groups of
global bit line oriented vertically. Each respective group of
word lines or global bit lines may be served by a respective
decoder/driver circuit and a respective sense circuit on one
of the four sides of the array. Suitable row and column
circuits are set forth 1in “Multi-Headed Decoder Structure
Utilizing Memory Array Line Driver with Dual Purpose
Driver Device,” U.S. patent application Ser. No. 10/306,887,
filed Nov. 27, 2002 and 1n “Tree Decoder Structure Particu-
larly Well Suited to Interfacing Array Lines Having
Extremely Small Layout Pitch,” U.S. patent application Ser.
No. 10/306,888, filed Nov. 27, 2002 which applications are

hereby incorporated by reference 1n their entirety.

Word lines may also be referred to as row lines or X-lines,
and bit lines may also be referred to as column lines or
Y-lines. The distinction between “word” lines and “bit” lines
may carry at least two diflerent connotations to those skilled
in the art. When reading a memory array, it 1s assumed by
some practitioners that word lines are “driven” and bit lines
are “sensed.” In this regard, X-lines (or word lines) are
usually contemplated as being connected to the gate terminal
of memory cell transistors, or the switch terminal of the
memory cell switch device, 1f present. The Y-lines (or bit
lines) are usually contemplated as being connected to a
switched terminal of the memory cell (e.g., source/drain
terminal). Secondly, the memory organization (e.g., data bus
width, number of bits stmultaneously read during an opera-
tion, etc.) may have some association with viewing one set
of the two array lines more aligned with data “bits” rather
than data “words.” Consequently, the designations herein of
X-lines, word lines, and row lines, and of Y-lines, bit lines,
and column lines are illustrative of the various embodiments
but should not be viewed 1n a restrictive sense, but rather a
more general sense.

As used herein, word lines and bit lines (e.g., including bit
line segments and global bit lines) usually represent
orthogonal array lines, and generally follow a common
assumption in the art that word lines are driven and bit lines
are sensed, at least during a read operation. Thus, the global
bit lines of an array may also be referred to as sense lines of
the array, and may also be referred to as simply global array
lines (1.e., even though other array lines also exist). No
particular implication should be drawn as to word organi-
zation by use of such terms. Moreover, as used herein, a
“olobal bit line” 1s an array line that connects to bit line
segments 1 more than one memory block, but no particular
inference should be drawn suggesting such a global bit line
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must traverse across an entire memory array or substantially
across an entire integrated circuit.

As used herein, a passive element memory array includes
a plurality of 2-terminal memory cells, each connected
between an associated X-line and an associated Y-line. Such
a memory array may be a two-dimensional (planar) array or
may be a three-dimensional array having more than one
plane of memory cells. Each such memory cell has a
non-linear conductivity in which the current 1n a reverse
direction (1.e., from cathode to anode) 1s lower than the
current 1n a forward direction. Application of a voltage from
anode to cathode greater than a programming level changes
the conductivity of the memory cell. The conductivity may
decrease when the memory cell incorporates a fuse technol-
ogy, or may increase when the memory cell incorporates an
antifuse technology. A passive element memory array 1s not
necessarlly a one-time programmable (1.e., write once)
memory array.

Such passive element memory cells may generally be
viewed as having a current steering element directing cur-
rent 1n a direction and another component which 1s capable
of changing 1ts state (e.g., a fuse, an antifuse, a capacitor, a
resistive element, etc.). The programming state of the
memory element can be read by sensing current flow or
voltage drop when the memory element 1s selected.

In various embodiments of the invention described herein,

the memory cells may be comprised of semiconductor
materials, as described 1n U.S. Pat. No. 6,034,882 to Johnson

et al., U.S. Pat. No. 5,295,396 to Zhang, U.S. patent appli-
cation Ser. No. 09/560,116 by Knall, and U.S. patent appli-
cation Ser. No. 09/638,428 by Johnson, each of which are
hereby incorporated by reference. Specifically an antifuse
memory cell 1s preferred. Other types of memory arrays,
such as MRAM and organic passive element arrays, may
also be used. MRAM (magnetoresistive random access
memory) 1s based on magnetic memory elements, such as a
magnetic tunnel junction (MTJ). MRAM technology 1s
described 1 “A 256 kb 3.0 V 1T1IMTJ Nonvolatile Mag-
netoresistive RAM” by Peter K Naj1 et al., published 1n the
Digest of Technical Papers of the 2001 IEEE International
Solid-State Circuits Conference, ISSCC 2001/Session
7/Technology Directions: Advanced Technologies/7.6, Feb.
6, 2001 and pages 94-95, 404405 of ISSCC 2001 Visual
Supplement, both of which are hereby incorporated by
reference. Certain passive element memory cells incorporate
layers of organic materials including at least one layer that
has a diode-like characteristic conduction and at least one
organic material that changes conductivity with the appli-
cation of an electric field. U.S. Pat No. 6,055,127 to
Gudensen et al. describes organic passive element arrays and
1s also hereby incorporated by reference. Memory cells
comprising materials such as phase-change materials and
amorphous solids can also be used. See U.S. Pat. No.
5,331,012 to Wolstenhohne et al. and U.S. Pat. No. 4,646,
266 to Ovshinsky et al., both of which are hereby 1ncorpo-
rated by reference.

In various embodiments of the invention described herein,
many different memory cell technologies are contemplated
for use. Suitable memory cell structures and configurations
useful for cross-point antifuse arrays (e.g., see FIG. 2)
include, without limitation, those described 1n: U.S. Pat. No.
6,034,882 to Johnson, et al, entitled “Vertically Stacked
Field Programmable Nonvolatile Memory and Method of
Fabrication™; U.S. patent application Ser. No. 09/814,7277 by
Knall, et al, filed Mar. 21, 2001, entitled “Three-Dimen-
sional Memory Array and Method of Fabrication”; U.S.
patent application Ser. No. 09/928,536 by Johnson, filed
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Aug. 13, 2001, entitled “Vertically-Stacked, Field Program-
mable Nonvolatile Memory and Method of Fabrication”;
U.S. patent application Ser. No. 10/185,508 by Cleeves, filed
Jun. 27, 2002, entitled “Three Dimensional Memory™; and
U.S. patent application Ser. No. 10/326,470 by Hemner, et al,
filed Dec. 19, 2002, enfitled “An Improved Method for
Making a High Density Nonvolatile Memory”. Each of
these enumerated disclosures 1s incorporated herein by ref-
erence 1n 1ts entirety.

Suitable memory cell structures and configurations useful
for other array embodiments (e.g., ones similar to that shown
in FIG. 3) include, without limitation, those described 1n:
U.S. patent application Ser. No. 09/927,648 by Lee, et al,
filed Aug. 13, 2001, entitled “Dense Arrays and Charge
Storage Devices, and Methods for Making Same”; U.S.
patent application Ser. No. 10/180046 by Patel, et al, filed
Jun. 277, 2002, entitled “High Density 3D Rail Stack Arrays
and Method of Making”; U.S. patent application Ser. No.
10/325,951 by Ilkbahar, et al, filed Dec. 23, 2002, entitled
“Semiconductor Device with Localized Charge Storage
Dielectric and Method of Making Same™; U.S. patent appli-
cation Ser. No. 10/335,078 by Scheuerlein, et al, filed Dec.
31, 2002, entitled “Programmable Memory Array Structure
Incorporating Series-Connected Transistor Strings and
Methods for Fabrication and Operation of Same™; and U.S.
patent application Ser. No. 10/335,089 by Walker, et al, filed
Dec. 31, 2002, entitled “Method for Fabricating Program-
mable Memory Array Structure Incorporating Series-Con-
nected Transistor Strings”. Each of these enumerated dis-
closures 1s 1ncorporated herein by reference in its entirety.

The directionality of various array lines in the various
figures 1s merely convenient for ease of description of the
two groups of crossing lines in the array. While word lines
are usually orthogonal to bit lines, such 1s not necessarily
required. Moreover, the word and bit organization of a
memory array may also be easily reversed. As an additional
example, portions of an array may correspond to different
output bits of a given word. Such various array organizations
and configurations are well known in the art, and the
invention 1s intended to comprehend a wide variety of such
variations.

The block diagrams herein may be described using the
terminology of a single node connecting the blocks. None-
theless, 1t should be appreciated that, when required by the
context, such a “node” may actually represent a pair of
nodes for conveying a differential signal, or may represent
multiple separate wires (e.g., a bus) for carrying several
related signals or for carrying a plurality of signals forming,
a digital word or other multi-bit signal.

It will be appreciated by one skilled 1n the art that any of
several expressions may be equally well used when describ-
ing the operation of a circuit including the various signals
and nodes within the circuit, and no subtle inferences should
be read into varied usage within this description. Frequently
logic signals are named 1n a fashion to convey which level
1s the active level. The schematic diagrams and accompa-
nying description of the signals and nodes should 1n context
be clear. As used herein, two different voltages which are
“substantially equal” to each other have respective values
which are close enough to cause substantially the same effect
under the context at 1ssue. Such voltages may be assumed to
tall within approximately 0.5 volts of each other, unless the
context requires another value.

Based upon the teachings of this disclosure, 1t 1s expected
that one of ordinary skill 1n the art will be readily able to
practice the present mvention. The descriptions of the vari-
ous embodiments provided herein are believed to provide
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ample 1nsight and details of the present invention to enable
one of ordinary skill to practice the invention. Nonetheless,
in the interest of clarity, not all of the routine features of the
implementations described herein are shown and described.
It should, of course, be appreciated that in the development
of any such actual implementation, numerous 1implementa-
tion-specific decisions must be made 1n order to achieve the
developer’s specific goals, such as compliance with appli-
cation- and business-related constraints, and that these spe-
cific goals will vary from one implementation to another and
from one developer to another. Moreover, 1t will be appre-
ciated that such a development eflort might be complex and
time-consuming, but would nevertheless be a routine under-
taking of engineering for those of ordinary skill in the art
having the benefit of this disclosure.

For example, decisions as to the number of memory cells
within each array or sub-array, the particular configuration
chosen for word line and bit line pre-decoder and decoder
circuits and bit line sensing circuits, as well as the word
organization, are all believed to be typical of the engineering
decisions faced by one skilled in the art in practicing this
invention 1 the context of developing a commercially-
viable product. As 1s well known 1n the art, various row and
column decoder circuits are implemented for selecting a
memory block, a bit line segment within the selected block,
and a memory cell within the selected bit line segment based
upon address signals and possibly other control signals.
Nonetheless, even though a mere routine exercise of engi-
neering effort 1s believed to be required to practice this
invention, such engineering efforts may result in additional
inventive efforts, as frequently occurs 1n the development of
demanding, competitive products.

While circuits and physical structures are generally pre-
sumed, 1t 1s well recognized that 1n modern semiconductor
design and fabrication, physical structures and circuits may
be embodied 1n computer readable descriptive form suitable
for use 1n subsequent design, test or fabrication stages as
well as 1n resultant fabricated semiconductor integrated
circuits. Accordingly, claims directed to traditional circuits
or structures may, consistent with particular language
thereot, read upon computer readable encodings and repre-
sentations of same, whether embodied 1n media or combined
with suitable reader facilities to allow fabrication, test, or
design refinement of the corresponding circuits and/or struc-
tures. The invention 1s contemplated to include circuits,
related methods or operation, related methods for making
such circuits, and computer-readable medium encodings of
such circuits and methods, all as described herein, and as
defined 1n the appended claims. As used herein, a computer-
readable medium includes at least disk, tape, or other
magnetic, optical, semiconductor (e.g., flash memory cards,
ROM), or electronic medium and a network, wireline,
wireless or other commumnications medium. An encoding of
a circuit may include circuit schematic information, physical
layout information, behavioral stmulation information, and/
or may include any other encoding from which the circuit
may be represented or communicated.

The foregoing details description has described only a few
of the many possible implementations of the present inven-
tion. For this reason, this detailed description 1s intended by
way of 1llustration, and not by way of limitations. Variations
and modifications of the embodiments disclosed herein may
be made based on the description set forth herein, without
departing from the scope and spirit of the invention. It 1s
only the following claims, including all equivalents, that are
intended to define the scope of this mnvention. Moreover, the
embodiments described above are specifically contemplated
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to be used alone as well as 1n various combinations. Accord-
ingly, other embodiments, variations, and improvements not
described herein are not necessarily excluded from the scope
of the invention.
What 1s claimed 1s:
1. An mtegrated circuit comprising;:
a three-dimensional memory array having a respective
plurality of word lines on each of at least one layer of
the memory array, having a respective plurality of bit
line segments on each of at least two layers of the
memory array, defining a memory layer for each ver-
tically adjacent word line layer and segmented bit line
layer; and
a respective plurality of global bit lines on each of at least
a first global bit line layer;
a respective plurality of memory segments on each of said
memory layers, each memory segment comprising
a respective plurality of memory cells coupled to a
respective bit line segment; and

a respective segment switch device for coupling the
respective bit line segment to an associated global bat
line by way of a vertical connection which 1s shared
by at least one memory segment on each of at least
two memory layers.

2. The integrated circuit of claim 1 comprising a single
global bit line layer disposed below the memory layers.

3. The integrated circuit of claim 1 wherein at least one
word line or bit line layer i1s shared by two vertically
adjacent memory layers.

4. The integrated circuit of claim 3 wherein at least one
word line layer 1s shared by two bit line layers, both such bit
line layers associated with a single global bit line layer.

5. The mtegrated circuit of claim 1 comprising memory
segments including a respective bias line segment coupled to
an associated global bias line.

6. The mtegrated circuit of claim 5 comprising memory
cells including a capacitor for storing memory state.

7. The integrated circuit of claim 1 wherein at least two bit
line segments on a given layer that do not have word lines
in common, each share a vertical connection to an associated
global bit line.

8. The integrated circuit of claim 7 comprising passive
clement memory cells.

9. The integrated circuit of claim 7 comprising memory
cells including a switch device.

10. The integrated circuit of claim 7 wherein at least two
bit line segments on a given layer having a first plurality of
word lines 1n common share a vertical connection to an
associated global bit line with at least two other bit line
segments on the given layer having a second plurality of
word lines 1n common.

11. The integrated circuit of claim 1 further comprising a
second global bit line layer.

12. The mntegrated circuit of claim 11 wherein half of the
bit line segments on a given layer are associated with the
first global bit line layer, and the other half associated with
the second global bit line layer.

13. The itegrated circuit of claim 11 wherein:

bit line segments on a given layer are associated with
cither the first global bit line layer or the second global
bit line layer; and

bit line segments on each of a first set of memory layers
are associated with the first global bit line layer, and bat
line segments on each of a second set of memory layers
are associated with the second global bit line layer.

14. The integrated circuit of claim 11 wherein at least one
word line layer 1s shared by two bit line layers, one such bit
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line layer associated with the first global bit line layer, and
the other such bit line layer associated with the second
global bit line layer.

15. The integrated circuit of claim 1 wherein the bit line
segments on a given layer are interleaved such that at least
two bit line segments sharing word lines 1n common are
coupled at opposite ends thereof to an associated global bit
line.

16. The integrated circuit of claim 15 wherein a pair of
interleaved bit line segments on the given layer are coupled
at opposite ends thereof to a single global bit line.

17. The mtegrated circuit of claim 16 comprising passive
clement memory cells.

18. The integrated circuit of claim 1 wherein at least two
bit line segments on a given layer having word lines in
common share a vertical connection to an associated global
bit line.

19. The integrated circuit of claim 18 wherein each of the
at least two bit line segments on a given layer having word
lines 1n common that share a vertical connection to an
associated global bit line, have a different segment control
signal for 1ts respective segment switch device.

20. The integrated circuit of claim 19 comprising memory
cells including a charge storage dielectric.

21. The integrated circuit of claim 19 comprising memory
cells including a capacitor for storing memory state.

22. The integrated circuit of claim 19 comprising memory
cells including a ferro-electric material.

23. The integrated circuit of claim 1 further comprising;:

a respective plurality of global bias lines on at least a first

global bias line layer;

wherein each memory segment further comprises a

respective bias line segment and a respective bias
switch device for coupling the respective bias line
segment to an associated global bias line.

24. The integrated circuit of claim 23 comprising memory
cells including a ferro-electric material.

25. The mtegrated circuit of claim 23 wherein the global
bias lines run parallel to the word lines.

26. The integrated circuit of claim 23 wherein the bit line
segments on a given layer are interleaved such that at least
two bit line segments sharing word lines in common are
coupled at opposite ends thereof to an associated global bit
line.

27. The integrated circuit of claim 23 wherein at least two
memory segments on a given layer that do not have word
lines in common, each share a vertical connection to an
associated global bias line.

28. The integrated circuit of claim 27 wherein at least two
memory segments on a given layer having a first plurality of
word lines in common share a vertical connection to an
associated global bias line with at least two other memory
segments on the given layer having a second plurality of
word lines 1n common.

29. The integrated circuit of claim 23 wherein:

the bias line segments on a given layer are associated with

either a first global bias line layer or a second global
bias line layer; and
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the bias line segments on each of a first set of memory
layers are associated with the first global bias line laver,
and the bias line segments on each of a second set of
memory layers are associated with the second global
bias line layer.

30. The mtegrated circuit of claim 29 wherein:

at least one word line layer 1s shared by two bit line layers;
and

the bias line segments on half of the memory layers are
associated with the first global bias line layer, and the
bias line segments on the other half are associated with
the second global bias line layer.

31. The integrated circuit of claim 23 wherein at least two
memory segments on a given layer having word lines in
common share a vertical connection to an associated global
bias line.

32. The integrated circuit of claim 31 wherein each of the
at least two memory segments on a given layer having word
lines 1n common that share a vertical connection to an
associated global bias line, have a respective bias switch
device controlled by the same bias segment control signal.

33. The integrated circuit of claim 31 wherein each of the
at least two memory segments on a given layer having word
lines in common that share a vertical connection to an
associated global bias line, have a different bias segment
control signal for its respective bias switch device.

34. The integrated circuit of claim 33 comprising SONOS
memory cells.

35. The integrated circuit of claim 33 comprising memory
cells having a ferro-electric material.

36. The integrated circuit of claim 33 comprising memory
cells having a switch device with a permanently modifiable
threshold voltage.

37. An integrated circuit comprising:

a three-dimensional memory array having a respective
plurality of word lines on each of at least one layer of
the memory array, having a respective plurality of bit
line segments on each of at least two layers of the
memory array, defining a memory layer for each ver-
tically adjacent word line layer and segmented bit line
layer; and

a respective plurality of global bit lines on a first global bit
line layer disposed below the memory layers;

a respective plurality of global bit lines on a second global
bit line layer disposed above the memory layers; and

a respective plurality of memory segments on each of said
memory layers, each memory segment comprising

a respective plurality of memory cells coupled to a
respective bit line segment; and

a respective segment switch device for coupling the
respective bit line segment to an associated global bit
line by way of a vertical connection which 1s shared
by at least one memory segment on each of at least
two memory layers.
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